Morphophysiological changes in body are influenced by environmental factors, what is more, the specific nature of the body reactions depends on the reaction rate and the stage of ontogenesis on which the physiological stimuli act (I. Schmalhausen, 1982). Also it is known that hormones participate in the regulation of metabolism, growth and development, in adaptation processes. We determined the concentration of high-density (HDL) and low density (LDL) lipoproteins directly involved in protein and lipid metabolism, total cholesterol (TCS), progesterone (P 4 ), 17-hydroxyprogesterone (17-OHP), and cortisol in blood plasma of Hubbard F15 broiler chickens at early postnatal ontogenesis using four groups of poultry of the industrial herd of Chebarkulskaya Ptitsa LLC (Chelyabinsk Province, Russian Federation), 10 animals in each, aged 1, 7, 23 and 42 days, respectively. The role and interrelations of these substances in metabolism were assessed using Pearson's correlation analysis and factor analysis by the principal components method with Varimax factor rotation. Thus, in 1-day aged chicks, the integration of factors HDL, LDL, TCS, P 4 and cortisol involved in metabolic processes and metabolism regulations was noted with r-Pearson for P 4 and Cortisol at r = 0.69, p = 0.027; for P 4 and TCS at r = 0.82, p = 0.004; for HDL and LDL at r = 0.83, p = 0.003; and for HDL and TCS at r = 0.67, p = 0.033. On day 7 day, the principal components were progesterone and cortisol (r-Pearson for P 4 and cortisol of r = 0.73, p = 0.016), and a cholesterol donation factor with LDL and TCS as the leading elements (r = 0.73, p < 0.05). In 23-day-old chicks the components which have become principal were HDL (r = 0.91, p < 0.05) and 17-OHP (r = 0.74, p < 0.05), which we attribute to growth, and also P 4 (r = 0.88, p < 0.05) and cortisol (r = 0.77, p < 0.05) viewed as regulatory ones. On day 42 we revealed cholesterol donation factor (r-Pearson of r = 0.86, p = 0.002 for LDL and TCS) and an integral factor with the principal components HDL (r = 0.74, p < 0.05), P 4 (r = 0.76, p < 0.05) and cortisol (r = 0.84, p < 0.05). Thus, here we described the age-specific features of interaction between lipoproteins and hormones of cholesterol-progesterone-cortisol system involved in broiler metabolism, and found out the change of principal components and functional relationships among the hormones of progesterone group and lipoproteins during early growth, which, according to our thought, makes a physiological basis for chicken performance under commercial poultry production. In further studies, it can be reasonable to assess the role of these hormones and metabolites in the control of reaction norm and adaptive capability of broilers, and the physiological cost of adaptation (i.e. adequate or pathological response) to reproduction at commercial farms.
It was I.I. Schmalhausen who noted that morphophysiological changes are directly related to the effect of environmental factors on the totality of development processes [1] . Body response to external actions becomes a kind of stimulus, which causes subsequent responses. Though, the specificity of the form-building reactions primarily depends on the organism itself, its norms of reaction and the stage of ontogenesis which is affected by the stimuli [1] .
The homeostasis that consolidates the cycles of synthesis and decomposition of chemicals into the viable morphofunctional structure of the open system, the organism [2] , can be defined as maintaining the relative dynamic constancy of the internal environment on the basis of interrelated systemic regulatory and metabolic processes involving endogenous and exogenous factors that determine ontogenetic development [3, 4] . Broiler chickens in their early neonatal period of development have critical stages, when physiological and biochemical mechanisms are being formed. These mechanisms ensure the sustainable performance and adaptive capabilities of the organism under intensive commercial poultry farming technologies [3, [5] [6] [7] . The endocrine regulation serves as the basis of homeostasis, formed during the species evolution, and as the primary link between endo-and exogenous flows of energy, substrates, and signaling pathways. It includes a hierarchical chain of hormones; the blood content of these hormones according to the type of feedback determines, among other things, the amount of blood cholesterol and lipoproteins, which reflect both the processes of synthesis of adrenal hormones and their regulatory effects [2, [8] [9] [10] . One of these hormones, the progesterone synthesized from low-density lipoprotein cholesterol, is best known for its participation in the endocrine control of the formation, growth and development of the fetus. 17-Hydroxyprogesterone is the main circulating metabolites of progesterone and one of the leading precursors of steroids [11, 12] . Recent studies have established that progesterone and its synthetic derivatives have a direct, due to the neurosteroids of the group of pregnenolone synthesized de novo from cholesterol in the brain of birds [12] , and mediated [13, 14] effects on the vegetative and central nervous system. They also participate in the neurotransmitter control over the chronological rhythms of postnatal growth and development due to receptor interaction with -aminobutyric acid [12, 13] and dopamine, affect the organogenesis of blood vessels, locomotor apparatus [15] , skeletal muscles (which has hypertrophic development in broiler chickens) [5, 9] , and myelination of nerve fibers [13] . Progesterone, 17-hydroxyprogesterone and its metabolite cortisol are among the primary activators and effectors of the hypothalamic-pituitary-adrenal axis [10, 16] . However, the information on the role of progesterone and its derivatives in lipid and protein metabolisms (despite the direct link between the biosynthesis of these metabolites, particularly the low and high density lipoproteins and hormones) is extremely limited. The available information is mainly obtained in medicine, whereas in livestock husbandry, where such studies are of great practical importance, the data are single, scattered or almost unavailable. This paper is the first to report a systemic study of high and low density lipoproteins (directly involved in protein and lipid metabolism), total cholesterol, progesterone, 17-hydroxyprogesterone, cortisol in blood of Hubbard F15 cross chicks aged 1, 7, 23 and 42 days (with regard of growth and development), and to generalize these biochemical parameters by correlation analysis and the principal components (factor analysis). This resulted in finding age-related profiles of concentrations of these metabolic and regulatory factors that may reflect their changing roles during growth and adaptation.
Here, we studied dynamics of the blood content of some metabolites and hormones (lipoproteins, cholesterol, progesterone and its derivatives) in broilers in relation to changes in body weight, in order to assess the age-related changes of these factors and their role in ontogenesis.
Techniques. The experiments were carried out on broilers of the Hubbard F 15 cross (Chebarkul'skaya Ptitsa LLC, Chelyabinsk Province). The groups (P1, P7, P23, P42, n = 10 each) were formed in the growing room (cage housing), the age of the bird by groups was 1, 7, 23 and 42 days, respectively. Feeding and housing were according to the zoo hygienic norms with unlimited feed access [17] .
Blood samples were collected after decapitation at the age of 1 and 7 days, according to the principles of humanity set out in the directives of the European Community (86/609/EEC) and the Helsinki Declaration, and intravitally, in 23-and 42-day old chicks, by vacuum puncturing the axillary vein. In the plasma stabilized with EDTA, total cholesterol (TC), low-density lipoproteins (LDL), and high-density lipoproteins (HDL) were assessed by enzyme assays using commercial kits (Vektor-Best, Russia; Olveks Diagnostikum, Russia) [18, 19] . The hormones were determined by solid-phase enzyme-linked immunoassay (ELISA) using sandwich-type test systems (XEMA Co., Ltd, Russia), namely Progesterone-IFA K207 for progesterone (Pregn-4-ene-3,20-dione, P 4 ) [20] , 17-OH-Progesterone-IFA K217 for 17-hydroxyprogesterone (17-OHP) and Cortisol-IFA K210 for cortisol [11] . In the analysis of hormones, the samples were incubated in an ELMI Sky Line Shaker ST-3 thermostate shaker (ELMI, Ltd, Latvia). The absorbency was measured on a photometer for MINDRAY MR-96A Elisa Microplate Reader (MINDRAY Ltd, PRC).
The average daily body weight gain for the age periods was calculated as follows:
, where W 0 and W 1 are the body weight (g) at the beginning and the end of the period studied at the age T 0 and the subsequent age T 1 (days).
To identify the structure of the relationships of the analyzed elements, the Pearson сorrelation (r-Pearson) analysis and factor analysis [21] for normal distribution of the biochemical parameters (STATISTICA 8.0, StatSoft, Inc., USA) were performed. The factors were isolated by the principal components method, Varimax method was used for the factor rotations [21] . The numerical data is represented by the arithmetic mean (X) and standard mean error (±SEM). The degree and reliability of the differences for the results obtained were evaluated by the Student's t-test using STATISTICA 8.0 software. Differences were considered statistically significant at р  0.05.
Results. By day 7, the curves of dynamics of the TCS and lypoprotein concentrations were parallel to the graphics of reduction in HDL level up to 34.64 % (p < 0.001), in LDL level up to 75.53 % (p < 0.001), and in cholesterol up to 63.78 % (p < 0.001) ( Table 1) . From day 23, a gradual increase and stabilization of the amount of total sterol and lipoproteins occurred. However, the greatest approximation of HDL content to the value in the group of a dayold chicks was at the age of 42 days (see Table 1 ). The changes in the progesterone and cortisol levels were unreliable. The graphics of cortisol and its precursor progesterone concentrations (Cortisol and P 4 ) were inversely symmetric to the curves for HDL, LDL and TCS, with relatively high values from 7 to 23 days of life (see Table 1 ). The dynamics of 17-OHP concentration and body weight gain in broiler chickens had a significant similarity to the peak of max- Table 1 ). Except the HDL, the 17-OHP content at day 42 of life was restored to that at the age of 1 day, and the absolute value of the daily body weight gain from days 23 to 42 was the highest (158.62 %, p < 0.001), although remaining below the reference one which was registered from day 7 to day 23 (305.32 %, p < 0.001) (see Table 1 ).
We calculated the mutual correlations (including the Pearson correlations) and determined factors and corresponding principal components among the studied biochemical indicators at different periods of broiler growth and development (Table 2) The method of principal components revealed one common factor in 1-day old broiler, and there were two factors for each of periods from day 7 to day 23 and from day 23 to day 42 of life (see Table 2 ). The results we obtained and published data allow us to propose a generalized pattern of the studied hormone and metabolite interactions (Fig.) . Here, the processes are divided into synthetic and regulatory ones, and their effects appear sequentially. At any current stage of development, a physiological and biochemical platform is formed (these processes we designate as adaptive; physiological effects I), which provides growth and development in the next stage (physiological effects II). Based on the data from the Table 2 and the scheme, the factors that were allocated for each of the studied periods included the principal components which we mainly considered as adaptive and growth factors, or as an aggregate factor combining components with adaptive and growth functions (see Table 2 , Fig.) . Thus, in a day-old chicks, there was an integrative factor of metabolic and adaptive processes that included hormonal and metabolic components (see Table 2 ). This characterizes their significant relationship (r-Pearson: P 4 and Cortisol -r = 0.69, p = 0.027; P 4 and TCS -r = 0.82, p = 0.004; HDL and LDL -r = 0.83, p = 0.003; HDL and TCS -r = 0.67, p = 0.033) in the earliest postnatal period, when the metabolism is still not fully formed [3, 5, 6, 9] , and reflects the strength in all functional systems during transition from prenatal to postnatal stage and also the impact of environmental factors [22] . This determines the homeostatic parameters that ensure de novo formation of structural and energy resources for subsequent growth and development (see Table 2 , Fig.) [3, 9, 23] . On day 7, the broilers showed a factor (see Table 2 , Fig.) which included progesterone and cortisol as principal components (r-Pearson: P 4 and Cortisol -r = 0.73, p = 0.016), and also a factor of cholesterol donation through active conversion of LDL cholesterol to progesterone and, therefore, the activation of endocrine metabolic pathway of 17-OHP and its products, the sex hormones, cortisol and other steroids [15, 16] (see Table 1 , 2, Fig.) . Progesterone (along with somatotropic and thyroid hormones) provides an increase in body weight, primarily due to the regulation of the synthesis of proteins (mainly the proteins of skeletal muscles and tissues of internal organs) [24] . Progesterone affects metabolism and increases its intensity in chicks. Cortisol directly participates in complex adaptive responses at molecular, membrane, cellular, tissue, and organ levels [10, 16] . Cortisol (see Fig.) also systemically strengthens or weakens adaptive responses, depending on the "expenses" for adaptation and the stage of ontogenesis, and regulates 17-OHP metabolism [25] . It is known that estrogens and other hormonal products of 17-hydroxyprogesterone normally promote utilization of LDL, enhance HDL synthesis, and are involved in synthesis of structural substances necessary for body growth and development [24, [26] [27] [28] ] (see Fig.) .
At the age of 23 days, chickens showed two factors. One included HDL and 17-OHP, the other one comprises progesterone and cortisol (see Table 2 ), which agrees with the data of S. Rettenbacher et al. [29] . These authors showed that an increase in the glucocorticoid content due to stress or exogenous experimental impact (for example, glucocorticoid administration to intact chickens) can lead to a decrease in the conversion of progesterone to 17-OHP and its derivatives due to inhibition of specific enzymes (e.g. 17-hydroxylase, 17,20-lyase, 17p-hydroxysteroid dehydrogenase) or competitive interaction of glucocorticoids with nuclear and membrane progesterone receptors involved in regulation of expression of the glucocorticoid-synthesizing enzymes [29] . At the same time, in incubated in vitro ovarian tissues of female chickens and testicles of males (i.e. without exogenous stress impact), glucocorticoids do not interfere with the progesterone transformation into 17-OHP and then into androstenedione, testosterone and other steroid products [29] . It was shown [30] that stress inhibits the enzyme responsible for the conversion of cholesterol to pregnenolone. Moreover, as it was noted by us (see Table 1 ), progesterone, like cortisol, had stable dynamics with a statistically unreliable difference in content from day 7 to day 42. The peaks of 17-OHP and body weight gain, vice versa, reliably occurred at the period from day 7 to day 23 (see Table 1 ). Achieving a balance of intensive adaptive and growth responses is based on high resource consumption, and may be the most apparent at the beginning of the formation of functional systems [3, 22, 31] . Thus, in the egg-type chickens, the greatest body weight gain was ob-served in the decades II and III [8] that agrees with our data (see Table 1 ). The cholesterol donation detected at the age of 42 days (see Table 2 ) (r-Pearson: LDL and TCS -r = 0.86, p = 0.002) apparently provides an endocrine pool for the synthesis of progesterone and its derivatives [15, 16, 25] (see Table 1 , 2, Fig.) . It was reported [8] that in white Leghorn cross chicks the growth stabilized after 30 days of life. In this study, the principal components, revealed when the chicks aged 42 days (see Table 2 ), reflect stabilization and consolidation of adaptive and growth processes during the decade IV-the beginning of the decade V of the birds' life.
These complex interactions are aided by the hormones of the progesterone axis [14, 28] , including glucocorticoids. There is a modulation of the lipoproteins metabolism and the implementation of their physiological effects [28] (see Fig.) , particularly, the vascular ones. The events involve intracellular nuclear receptors [14] and the so-called extragenome integral membrane progesterone receptors [14, 15] , involved in express responses not accompanied by gene transcription [14, 15] , and, apparently, being necessary in growth and development.
Thus, in the whole, the data we obtained indicate that during the growth and development of chicks, the rate of cholesterol used for biosynthesis of steroid hormones changes. It affects the blood concentrations of lipoproteins and hormones, as well as their correlation. The age of chicks and, respectively, the nature of physiological processes in their body, including those mediated by progesterone, 17-hydroxyprogesterone and cortisol, determine formation of homeostasis which provides the development of resistance to the physiological states caused by technological stresses. The research may be continued to assess the role of these hormones and metabolites in determining the response patterns and the adaptive capabilities of broilers, and the body resources consumed for adaptation to the factors of intensive reproduction that, in turn, is related to the boundaries of the norm and pathology.
